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Abstract 

Results of a combined analysis are presented for the production of co and 
(f> mesons in irN reactions in the near-threshold region using throughoutly 
a conventional "non-strange" dynamics based on such processes which are 
allowed by the non-ideal u — (ft mixing. We show that strong interferences of 
the t (meson exchange) and s and u (nucleon and nucleon resonance) channels 
differ significantly in u> and <f> production amplitudes. This leads to a decrease 
of the relative yields in comparison with expectations based on one-channel 
models with standard uj—<j) mixing. We find a strong and non-trivial difference 
between observables in oj and (f> production reactions caused by the different 
role of the nucleon and nucleon resonance amplitudes. A series of predictions 
for the experimental study of this effect is presented. 

PACS: 13.75.-n; 14.20.-c; 21.45.+V 

keywords: hadron reactions; phi and omega production; threshold behavior. 

I. INTRODUCTION 

The present interest in a combined study of the u> and meson production in different 
elementary reactions is mainly related to the investigation of the hidden strangeness degrees 
of freedom in the nucleon. Since the <fi meson is thought to consist mainly of strange quarks, 
its production should be suppressed according to the OZI rule |1[] if the entrance channel 
does not possess a considerable admixture of strangeness. The standard OZI rule violation 
is described by the deviation from the ideal ui — tfi mixing by the angle A8y — 3.7° [H, which 
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is a measure of the small contribution of light u, u and d, d quarks in the meson, or strange 
s, s quarks in the ui meson. Thus, the ratio of u to production cross sections is expected 
to be Rl /(j) ~ ctg 2 A# y ~ 2.4 x 10 2 . 

Indeed, the recent experiments on the proton annihilation at rest (cf. [§] for references 
and a compilation of data) point to a large apparent violation of the OZI rule, which is 
interpreted J3],|4j as a hint to an intrinsic ss component in the proton. However, the data 
can be explained as well by modified meson exchange models H without introducing any 
strangeness component in the nucleon or OZI rule violation mechanisms. 

On the other hand, the analysis of the tcN sigma term suggests that the proton might 
contain a strange quark admixture as large as 20%. Thus this issue remains controver- 
sial. Therefore it is tempting to look for other observables |||7|,@] that are sensitive to the 
strangeness content of the nucleon. Most of them are related to a possible strong interfer- 
ence of delicate ss knock-out (or shake-off) amplitudes and the "non-strange" amplitude 
which is caused by OZI rule allowed processes, or by processes wherein the standard OZI 
rule violation comes from the — u mixing. 

A detailed analysis of the current status of the OZI rule in irN and NN reactions 
has been presented recently in [[|. It is shown in || that existing data for the u and 
meson production in irN reactions give for the ratio of averaged amplitudes the value of 
Ruj/<j> — 8.7 ± 1.8, which is much smaller than the standard OZI rule violation value of 
Ruf<j! — 15.43 and may be interpreted as a hint to non-zero strangeness components in the 
nucleon. 

Obviously, reliable information on a manifestation of hidden strangeness in the combined 
study of and u production processes can be obtained only when the conventional, i.e. 
non-exotic, amplitudes have been understood quantitatively. The reaction ttN — > VN 
with V = u, has the evident advantage to be a simple hadronic reaction representing a 
subprocess, e.g., in NN — > VNN reactions. The study of the former reactions is one of the 
objectives of the present work. The dominant conventional processes are depicted in Fig. 1, 
where (a) is the t channel meson exchange process, while (b) depicts the s, u nucleon and 
nucleon resonance channels. When taking separately each of the amplitudes, the ratio of uj 
to production amplitudes is proportional to ctgA^V = 15.43 and the question arises how 
their coherent sum can result in a deviation from this value. 

Note that most of the previous considerations of the possible violation of the OZI rule 
in hadronic reactions are based on one-channel models in the spirit of []10|,nj|. But if one 



assumes that the process is a coherent sum of at least two amplitudes, say for example, 
a meson exchange and a nucleon term, then the result may be different from the naive 
expectation. Indeed, let us suppose for a moment that, because of some hadronic dynamics, 
the nucleon term for the production is suppressed relative to the meson exchange term. 
Then the ratio of to to amplitudes becomes 

R^ = ctgAtfv + « ctgA0 v |1 + R% /M \, (1) 

where R^/m are the ratios of nucleon and meson exchange amplitudes. Thus, one can get 
immediately an enhancement (suppression) of R u /^, as compared to the OZI rule prediction, 
for a constructive (destructive) interference between the two u amplitudes and for \Rff/ M \ 
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\R%i M \ < 1. Our previous study [T2| of <fi production shows that the interference between 
meson exchange and nucleon terms is destructive. Assuming the same for u production, 
must decrease, even without any speculation on a strangeness content in the nucleon. 
In case of considering the u production, however, this two-channel model is by no means 
longer adequate, because one has to include various strong resonance channels. The ratio 
F\n+n*)/m becomes complex which may change the above estimates in any direction. 

The resonance contribution to vector meson production has its own interest because it 
might affect significantly in-medium polarization operators and the corresponding dilepton 
emissivity of hadronic matter P^^To] . Therefore its detailed study in elementary tcN pro- 
cesses is another objective of the present work. An important step in this direction has been 
done recently by Riska and Brown in [16], where the relevant ttNN*, ujNN* and (j)NN* 



coupling constants are expressed in terms of the corresponding couplings to nucleons us- 
ing a quark model. Our study here exploits essentially the findings of ||16|| . The role of 
the low-lying nucleon resonances in a combined study of p° and uo production based on 
the relativistic coupled-channel model has been studied in Refs. []14|,|17| . Some aspects of 
the p meson spectral function in the nucleon resonance model have been discussed in 



The contribution of the higher resonances to the uo photo-production has been analyzed in 
Ref. 0. 

Our analysis of the reaction tcN VN is based on calculations of the diagrams in Fig. [I]. 
While the diagrams in Fig. 1 look like usual Feynman diagrams it should be stressed that they 
give a guidance of how to obtain from an interaction Lagrangian of hadronic fields a covariant 
parameterization of observables in strict tree level approximation. Additional ingredients 
are needed to achieve an accurate description of data within such a framework. In particular, 
the vertices needs to be dressed by form factors. The early theoretical studies |]20| , pl| show, 
indeed, that predictions for hadronic observables are very sensitive to the parameters of 
the form factors which can not be fixed unambiguously without adjustments relying on the 
corresponding experimental data. 

In Refs. [p2| , p3[ the parameters of VNN interactions have been determined by analyzing 
commonly the reactions pp — > ppu and pp —> ppcf) and the corresponding new DISTO data 
|24| at a given beam energy assuming the same production mechanism without resonance 
contributions. In a previous paper [Q, in order to constrain the parameter space further, 
we performed a combined analysis of the reactions n~p — > ncf) and pp — > pp<p at the same 
energy excess. A good description of available data has been achieved. We did not consider 
r2| the uj production for which the production mechanism is more complicated because 



m 



of the resonance contributions shown in Fig. lb. Therefore, the problem of the validity of 
the OZI rule was beyond the scope of considerations in |T3 . 



In this paper we attempt a different approach with the goal to check the validity of the 
OZI rule in a combined study of the related reactions ttN — ► Nu and ttN — > N<f) using 
the known data within the same interval of excess energies 10 • ■ • 100 MeV and taking into 
account the nucleon resonance channels. 

Our paper is organized as follows. In Section II, we define the effective Lagrangians, de- 
rive expressions for the amplitudes of the processes shown in Fig. 1 and discuss the parameter 
fixing. In Section III the results of numerical calculations and predictions are presented. The 
summary is given in Section IV. 
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II. AMPLITUDES 



The differential cross section of the reaction it p - 
the obvious form in standard notation 

da = 1 jqj | T , 2 
dQ 64tt 2 s Ikl 1 1 ' 



Vn with V = u>, (cf. Fig. 1) has 



(2) 



where k = (E n , k) and q = {Ey, q) are the four-momenta of the pion and the vector meson in 
the center of mass system (c.m.s.); the squared invariant amplitude |T| 2 includes the average 
and sum over the initial and final spin states, respectively. We denote the four-momenta of 
the initial (target) and final (recoil) nucleons by p and p'\ Q and 6 are the solid and polar 
angles of the produced vector meson in the c.m.s.; s = (p + k) 2 is the usual Mandelstam 
variable. 

We also consider the spin density matrix p rr i which defines the angular distribution in 
the decays w,(f) — > e + e~, uo — > 7r + 7r~7r° and — > K + K~. It has a simple form in the 



system where the vector meson is at rest (for details see |12|). The decay angles 0, <3> are 
defined as polar and azimuthal angles of the direction of the three-momentum of one of 
the decay particles in the vector meson's rest frame. For the u — > tt + 7t~7t° decay, is the 
polar angle of the direction of the vector product [k n + x k n ~], where k 7T + and k n - are the 
momenta of 7r + and ir~ mesons, respectively [p5| |. The e + e~ decay distribution integrated 
over the azimuthal angle $, W(cos0), depends only on the diagonal matrix elements poo> 
Pn = p-i-i, normalized as poo + 2pn = 1, according to 



(cos©) 



3 r 



1 + Poo + (1 - 3p 00 ) cos 2 



(3) 



The corresponding distributions for the hadronic decays 



K + K , u) — > 7T + 7r 7T° are 



W fc (cose) 



1 - Poo - (1 - 3p 00 ) cos 2 © 



(4) 



In our calculation we choose the quantization axis z along the beam momentum. 



A. Effective Lagrangians 

In calculating the invariant amplitudes for the basic processes shown in Fig. 1 we use 
the following effective interaction Lagrangians. 

(i) interactions in the meson exchange process (Fig. la): 

£v P . = 9v P , ^ djpV„ Tr(d aP 0), (5) 

£pNN = - QpNN^N (lp ~ ^T"°> 9 Fp)) ? ^N, (6) 

where Tr(p7r) = p°7r° + p + n~ + p _ 7r + , and 7r and p M denote the pion and rho meson fields. 
The partial derivatives d^f> and dY p \ are meant to act only on the corresponding fields 
and p M ; e^ ua/3 is the Levi-Civita symbol. 

(ii) interactions in the baryonic channels (Fig. lb): 
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(12) 



(13) 
(14) 



(15) 



nucleon 



where 7r, V^, tpx and ?/>tv* are the pion iso- vector, iso-scalar vector meson V 
and Rarita-Schwinger nucleon resonances field operators, respectively, and the subscript M 
stands for "meson", r denotes the Pauli matrix. Note that these interaction Lagrangians 
do not contain partial derivatives of the fields ip... and their adjoints if).... The notation of 
the masses is self-explaining. We use the convention of Bjorken and Drell in definitions 
of 7 matrices and the spin matrix a^ u . The expressions Eqs. (|7] - [1^) are based on [J6|.Q As 
TBJ we include here all **** resonances up to 1720 MeV according to and the *** 



in 



resonance A^- (1700)Z} 13 as well. The contribution of the *** resonance iVi-(1710)Pi3 will 

2 2 

be discussed below. 



All coupling constants with off-shell mesons are dressed by monopole form factors [27 



Fi = (A 2 — m 2 )/(A 2 — k 2 ), where fcj is the four-momentum of the exchanged meson. Following 
the scheme of the meson photo-production in |28j we assume that the VNN and VNN* 
vertices must be dressed by form factors for off-shell baryons 



1 Our notation differs from that in |16|] by the substitutions d — ► id and igvNN — ► ~9vnn keeping 
the relative phases between f^NN and f-xNN* and gvNN and gvNN* the same as in [[TJ|. We also 
express Cmnn* in a manifestly gauge- invariant form. 
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= Ku^-Mir (16) 



where Mb is the baryon mass and r is the four-momentum of the virtual baryons B = N, N* 
in Fig. lb. 



B. Invariant amplitudes 

The total invariant amplitude is sum of the meson exchange, nucleon and nucleon reso- 
nance channels, 

Tx = T (M) +T W +T (N*) ; (17) 

where A = 0, ±1 is the polarization projection of the produced vector meson. The amplitude 
for the meson exchange channel in Fig. la reads 



T (M) = K « N ^ r_ {pl) r (P) {k{p)Hp) l ^ £* A ^ (lg) 



where 



rSf ) (*w) = 7 a + i^^fcg, ) , (19) 

,2 ^2 AP 2 ™2 



T^nNfu \ 9pNN QVp-K tfiNN ~ m p ^V/m ~ m P ,. , )n . 

K ™) = ~ k 2 _ m 2T2 TT^T^ p- ( 20 ) 

K (p) m p pNN K (p) A yp7r - fc (p) 



with fc(p) = p' — p as the virtual p meson's four-momentum; is the vector meson's polar- 
ization four-vector, I w denotes the isospin factor being a/2 (1) for a ix~ (ir°) meson in the 
entrance channel; the nucleon spin indices are not displayed; a, (3, 7, 5, /1, z/, r are Lorentz in- 
dices throughout the paper (not to be mixed with the notations of meson species tt, p, u>, 0), 
and u(p) denotes bispinors (not to be mixed with the Mandelstam variable u). 

The invariant amplitudes for the nucleon and resonant channels in Fig. lb have the 
following form 

T{ N) = Qvnn %^ u{p') A»{N) u{p) ef I«, (21) 



m 

T { P = Qvnn* ^ u(p') A»(N*) u(p) h- (22) 



where the operators A^N) and A^(N*) follow from the effective Lagrangians of Eqs. (0 
Top as 



A (Ar940 } = ^(-q)A(p L} M N ,h 5 }/F N (s) + i l5 yA(p R ,M N .)rV(-q)F N (u) 
M s — m 2 N u — m 2 N 



A ) s- M 2 . ■ /T v ..\/ V . a- Mi-. ■ /Tv.\/v ' 1 ] 
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at*; 

. fc% a (p fl , M JV .) 75 (^ ~ gg gj JVH , , 
(M^. + Mn)(u — Mjy, + iT]s[*Mn*) ' 1 j 

with Pl = P + k, Pr = p — q and as in Eq. (|T9|) but with kvnn- 

The resonance propagators in Eqs. (|4] - |3l]) are defined by the conventional method |29| 
assuming the validity of the spectral decomposition 

The finite decay width r^. is introduced into the propagator denominators by substituting 
Mat. — > Mat* + ^Tat*. Therefore, the operators A(p, M) are defined as 

A(p, M) = W(( 1 + |r)« r (P, 30 ® « r (p, 3>) 

-(l-^-M-p^JO^C-p,^)) M, (33) 
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A aP (p, M) = \ ((1 + |r)Z€(P, 3>) ® Z$(p, ^o) 



A^fo M) = l -Y. ((! + frWP. 3>) ® Z^(p, #o 



)Kfl(-p,^)®fc(-p,^) , (35) 



o 



where Eq = \/p 2 + M 2 , and the Rarita-Schwinger spinors read 

^(p) = £(1*5*1 §r> e £(p)t/(p), (36) 

Z<Wp) = £ (lA^|^)(^lA'i^r)8^) £ ^(p)«». (37) 

A, \ f s^t 

The spinors t> and V are related to u and U as u(p) = Z72«*(p) and V(p) = r/2W*(p), 
respectively. 

The polarization four-vector for a spin-1 particle with spin projection A, four-momentum 
p = (E, p) and mass my reads 

\ m v mv(fi + my) / 
where the three-dimensional polarization vector e is defined as 

e ±1 = T -L(l, ±i, 0) e° = (0, 0, 1). (39) 

In our calculations we use energy-dependent total resonance decay widths Tn*. However, 
taking into account that the effect of a finite width is quite different for s and u channels, 
because of the evident relation \u \ + Mjy* ^> \s — Mjy»|, we use T N * = T° N * for the u channels 
and 



1 - B^ + BJf. I — 



k 



o , 



(40) 



for the s channels, where T° N * is the total on-shell resonance decay width and B^* stands for 
the branching ratio of the N* — > Ntt decay channel taken from p[ ; k is the pion momentum 
at the resonance position, i.e. at y/s = M^*, and the factor (k/ko) 2J comes from a direct 
calculation of the N* — ► Ntt decay width using the effective Lagrangians of Eqs. (|8] - |15|) , 
where we keep the leading term proportional to k 2J . Note, that the effect of the energy 
dependent finite decay width is more essential in near-threshold u production for the higher 
resonances iV3_(1700)Z)i3 and iV3_(1720)Pi3, where \s — M^*| ~ V^M^*, but even there 
it becomes not so important because, as we will see, the contribution of these resonances 
to the total amplitude is rather small. Nevertheless, for completeness, we use the above 
prescription for all eight considered resonances. 
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C. Fixing parameters 



The coupling constant ^ p7r is determined by the (ft — > pit decay. The value = 0.69 

MeV @ results in |g0 pvr | = 1.1 GeV -1 . The SU(3) symmetry considerations p3|j30|] predict 
a negative value for it. Thus = — 1.1 GeV -1 . 

The coupling constant g^ p7r is determined by the ui — > ■yn decay. Relying on the vector 
dominance model one gets g W/97r = 12.9 GeV -1 ||. 

The remaining parameters of the meson exchange amplitude for the process in Fig. la 



are taken from the Bonn model as listed in Table B.l (Model II) of Ref. [27]: g P NN — 3.72, 
KpNN = 6.1, and A pNN = 1.3. The parameter A Vpn will be determined later. 



The nucleon and nucleon resonance amplitudes in Fig. lb and Eqs. (G3 - 31) are deter- 



mined by the couplings f^NN, Unn*, 9u>nn, 9^nn*, 9^nn, 94>nn* ■> 9vnnk V nn, the resonance 
widths T° N * the branching ratios B N », and the cut-offs A#. For the coupling constant f n 



NN 



we use the standard value f W NN = 1-0 P^B| , P7| . For the uNN coupling we use the value 



9ujNN = 10.35 determined recently |31] by fitting the nucleon-nucleon scattering data. This 
value as well as k w nn = is close to the one which has been found in a study of tiN 
scattering and the reaction yN — > ttN [B2[. 



The values of coupling constants f n NN* are determined from a comparison of calculated 
decay widths T N *_, N7T with the corresponding experimental values [0. The corresponding 
signs are taken in accordance with the quark model prediction of Ref. [|16j. 

The values of coupling constants g U NN* are found as g^N* — [9wNN* I 9wNn\9ljNN, where 



the ratio [g^NN* I 9ujNn] is determined by the quark model calculation of Ref. [[UJ. For 
convenience we show all the coupling constants, decay widths and branching ratios used 
in our calculation in Table 1. The masses, decay widths and branching ratios in Table 1 
represent the averages in . Slightly different values have been extracted in [33] in a recent 
reanalysis of the data. 

The couplings (pNN, <pNN* determined by SU(3) symmetry considerations are 

g<f>NN = tgA0y 9ujNNi g^NN* = tgA$y g^NN* 5 (41) 

where A8y — 3.7° is the deviation from the ideal u — <fi mixing. Similarly, we assume 
g<j>NN^<j)NN — —tg^v9ujNN^ujNN = 0, or k^nn — 0, which is consistent with the estimate 
in 



34 



The yet undetermined parameters are: the cut-off parameters A^ p7T and A^ pn for the 
virtual p meson in the Vpir vertex, the cut-off A N and the eight cut-offs A N * in Eq. (p~6|) . 
We can reduce the number of parameters by making the natural assumptions 

A^ = K pn = A v , (42) 
An = A N * ee A B . (43) 

Our best fit of total cross sections of existing data is obtained by A v = 1.24 GeV and 
A B = 0.66 GeV. 
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III. RESULTS 



The results of our full calculation of the total cross sections as a function of the energy 
excess As 1 / 2 = y/s — Mn — ray, including all amplitudes depicted in Fig. 1, are represented 
by the solid curves in Fig. 2. We also show separately the contributions of meson exchange, 
nucleon and nucleon resonance channels. The data for the reaction n~p — > <pn are taken from 
Ref. [p5 |, while the data for the reactions 7r + n — > up and 7r~p — > uon are from Refs. [35,36 



respectively. Note that here we display the total cross section of the reaction n~p — > tun, a to t, 
which differs from the differential cross section cr^f in Ref. []36| by a factor |]9|j37[1 included in 
the phase space of the unstable ui meson, 



. /p2 + m 



Ctot — CTdif 



L/P 2 . +M 

v V mm 1 



\ f {s')\i{s) 2VFr u m u dE 



\ ^f(s)Hs') n((ml -s> + 2V?E - M^) 2 + Tim*) 



(44) 



where a/s 7 = E + yP 2 — M^ + mJ, T u is the u decay width and Xi(s) (Xf(s)) = 
X(s, ml, M%) (X(s, ml , M%)) with X(x, y,z) = (x -y - zf - Ayz. The intervals [P max , P min ] 
for given p' (or s) are as in . 

From Fig. 2 (left panel) it is evident that the total amplitude of to production is a result 
of strong interferences of all channels: the meson exchange (dot-dashed curve), the nucleon 
term (long dashed curve) and the resonance contribution (dashed curve) play a comparative 
role. For the <fi production (cf. Fig. 2, right panel) only meson and nucleon terms are 
important. The resonance contribution is rather small and is therefore not displayed here. 
Moreover the relative contribution of the nucleon term in <fr production is much smaller than 
for to production. That is because the initial energy ^fs = Mjy + my + As 1 / 2 is greater for 
the production at the same energy excess and as a consequence, we have two suppression 
factors: (i) the nucleon/resonance denominators and (ii) the form factors Fn,n* in Eqs. (|23| - 



31]) . The interference of the meson exchange and nucleon terms is almost destructive, while 
the contribution of the resonant part is more complicated because the amplitude is complex 
with different phases for different resonances. 

In order to illustrate the structure of the resonant part we show in Fig. 3 the contribution 
of each resonance separately as a function of the uj production angle at two excess energies 
As 1//2 = 20 (100) MeV at left (right) panel. One can see that just near the threshold the res- 
onances with J = \ are important. Together with the nucleon term they are iVi + (1440)Pii, 

Nx- (1535)Sii and Nx- (1650)Sn. It is interesting that the separate contributions of the two 

2 2 

latter ones are greater than the nucleon term. But their phases are opposite and, therefore, 
they cancel each other. The cancellation increases with energy which results in a total de- 
crease of the resonance contribution. On the other hand one can see that the relative role 
of the higher spin resonances with orbital/radial excitations, being proportional to q 2 and 
q 4 , increases with increasing values of As 1//2 , as illustrated in Fig. 4. This enhancement, 
however, is smaller than the effect of the strong destructive interference of the resonance 
amplitudes and, therefore, the total contribution of the resonance channel decreases with 
energy as shown in Fig. 2. 
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In our analyses we do not include the *** resonance iYi + (1710)Pn [@], as in JT6]. A 



simple estimate shows that its contribution is rather small. Indeed, the calculation in ||15|| , 
within the vector dominance model, shows that the ujNN* coupling for iVi + (1710)Pn is 
about four times smaller than for the Ni , (1440) Pn resonance. Observing further that the 
corresponding pion decay width of iVi,(1710)Pn, 5- ■ -15 MeV, is much smaller than that 
of JVi + (1440)Pn, 210- • -250 MeV, we can expect a negligible contribution of JVi + (1710)P u 
being about one order of magnitude smaller than the one of iVi , (1440)Pn. 

Figs. 5 and 6 show the angular distributions of the u and <fi production cross sections 
at As 1 / 2 = 20 and 100 MeV, respectively. One can see that the destructive interference 
between meson exchange and nucleon channels, which is stronger for backward production, 
results in a non-monotonic angular distribution. The effect is stronger at As 1 / 2 = 100 MeV. 

Fig. 7 (left panel) shows the ratio of the averaged amplitudes \Ty\ of uj and production 
as a function of the vector meson's production angle at As 1 ' 2 = 20 MeV. \Ty\ is defined by 



y it 

\- L i 



v 



m,i,m,f,\ 



m,f,\;mi 



(45) 



where m^m/, A are the spin projection of target, recoil protons and vector meson, respec- 
tively. The dotted straight lines in Fig. 7 correspond to the standard OZI rule violation 
value = ctgAOy = 15.43. The long dashed curve corresponds to the ratio of pure nu- 

cleon channels taken separately, the dot-dashed curve is result for a pure meson exchange, 
while the solid line represents the full calculation. Note that the ratio even for pure meson 
exchange amplitudes is smaller than R°fl. That is because at the threshold 



K u/<t> 



g<t> P -K rn<t> f(rn^) 



9.9 



/K) 



(46) 



where f(m) is a smooth function of m. The ratio for pure resonance terms is greater than 
R°Jl by an order of magnitude and more, i.e., R^j^ ~ 500 (250) at 9 — ir (0), because 
of a strong propagator and form factor suppression for <fi production. In the absence of 
the resonant amplitude the destructive interference of meson exchange (M) and nucleon 
(N) channels results in R^ N < R^ /4> . The presence of the resonance components leads to 

Fig. 7 (right panel) shows the ratio of the angular integrated amplitudes 



dM 



< \T V \ >n- 



E 

mi, my, A 



Air 



do. \r v i 2 

Uii \- L mf,X;m i I 



(47) 



of uj and <\> production as a function of As 1 / 2 . One can see that R^i^ (solid curve) may be 
slightly above or below the pure Rt!/^ value (dot-dashed curve), however, remaining much 
smaller than R°fJ, namely R^/^ 



7.5 • • • 10, in agreement with the analysis in [[|. 
Fig. 8 shows the results of our full calculation of the spin density matrix element poo & t 
As 1//2 = 20 and 100 MeV in the left and right panels, respectively. Near the threshold the 
meson exchange amplitude behaves as 
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T| M) ~k- [kx e* A ]. (48) 

That means that only A = ±1 contributes and, therefore, poo is suppressed. The pure 
nucleon s channel amplitude behaves as 

~(f\<r-e* x \i), (49) 

which results in an isotropic spin density, i.e., p o = Pn — P-i-i — 1/3- The resonance 
amplitudes have additional terms proportional to k- e* A , which also enhance poo- This effect 
is seen clearly in the left panel of Fig. 8 for which our qualitative analysis is valid. For 
production, where the main contribution comes from the meson exchange channel (cf. Figs. 2 
and 5), p o is relatively small, p o < 0.05. But for uj production, where the contribution of 
the resonance channel is essential, we find poo ~ 0.3 which is close to an isotropic spin-density 
distribution with p 00 ~ pn = p-i-i — 1/3. 

Fig. 9 shows the angular distribution of hadronic decays — > K + K~ and uj — > 7r + 7r~7r° 
in 7r~p — > nV reactions at As 1//2 = 20 MeV. The left panel corresponds to a calculation of 
the vector meson production in forward direction, 0.9 < cos# < 1, where the cross section 
achieves a maximum, while the right panel shows its average value in the full angular interval 
— 1 < cos 6* < 1. One can see a striking difference between the and uj cases: an almost 
anisotropic distribution for production (W ~ | sin 2 O) and almost isotropic distribution 
for uj production (W ~ 1), respectively, which reflect the difference in the corresponding 
production mechanisms. 

A similar difference is predicted for the angular distribution of electrons in 7t~p — > nV — > 
ne + e~ reactions shown in Figs. 10 and 11 at As 1 / 2 = 20 and 100 MeV, respectively. Again 
one can see that at As 1 / 2 = 20 MeV (Fig. 10) the and uj cases are very different: an 
almost anisotropic distribution for production (W ~ |(1 + cos 2 9)), and almost isotropic 
distribution for uj production (W ~ 1), respectively. This pronounced difference disappears 
at As 1 / 2 = 100 MeV (Fig. 11). 

It should be emphasized that our prediction for the separate decay uj — > e + e~ may be 
tested experimentally supposed the corresponding detector acceptance is sufficiently large 
for distinguishing the sharp uj resonance peak in the dielectron invariant mass distribution 
sitting on the background of the wide p° meson contribution. Otherwise one should consider 
the uj — p° interference as calculated for unpolarized observables in |]L7|| . However, having in 
mind that the p° production is a competing channel to the uj production, where the role of 
the resonances is expected to be even more important because of the larger number of inter- 
mediate N* states, we expect that our prediction of an almost isotropic e + e~ distribution 
at invariant mass M e + e - ~ m w remains valid in general, reflecting the role of the baryon 
resonances in the production mechanism. 



IV. SUMMARY 

In summary we have performed a combined analysis of uj and production in 7tN 
reactions near the threshold at the same energy excess. We find that the meson-exchange 
amplitude alone can not describe the existing data, rather the role of the direct nucleon term 
and the nucleon resonance amplitudes is essential. The latter statement is very important 
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for the u production, and therefore we investigate the role of nucleon resonances in detail. 
The uNN* couplings as well as the phases of the ttNN* couplings are taken from the 
recent work |T9 . It is found that the resonance contributions can influence significantly the 
total and the differential cross sections at small energy excess as well as the ratio of the 
averaged amplitudes of u and <fi production. For this ratio we get the value 8.7 ± 1.5 which 
is much smaller than the value based on the standard OZI rule violation. The dominant 
contributions are found to stem from the nucleon resonances iVi_(1535)Sii, iVi_(1650)5'ii, 
and Ni , (1440)Pn. However, the other resonances become also important with increasing 
energy excess. 

We have shown that our predictions can essentially be tested by measuring the angular 
distribution of decay particles in the reactions ttN — > Ncf) — > NK + K~ , tcN — > Nuo — > N3tt 
and ttN — > NV — > Ne + e~ . Near the thresholds, for the (f) production we predict an almost 
anisotropic distribution, while for the 10 production an almost isotropic distributions is 
obtained. Experimentally, this prediction can be tested with the pion beam at the HADES 
spectrometer at GSI/Darmstadt |38|| . 

It should be stressed that the present investigation is completely based on the con- 
ventional meson-nucleon dynamics and, therefore, our predictions may be considered as a 
necessary background for forthcoming studies of the hidden strangeness degrees of freedom 
in non-strange hadrons. Finally, it should be emphasized that our study here is a first step 
from the point of view of a dynamical treatment of the problem, thus going beyond j9]. 
The main uncertain part is the poor knowledge of the strong cut-off factors for the virtual 
nucleon and nucleon resonances which are important for the present consideration. Also, the 
effects of the final state interaction must be investigated which may be pursued by extending 



the approach of Refs. [12.39 
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TABLES 



baryon 


M N * 


fnNN* 


9luNN* 




D7T 

N* 


N± + N 


940 


1.0 


10.35 


— 


— 


N^Pn 


1440 


0.39 


6.34 


350 


0.65 


Nl D 13 


1520 


-1.56 


8.88 


120 


0.55 


N\~ S u 


1535 


0.36 


-5.12 


150 


0.45 


N\~ Sn 


1650 


0.31 


2.56 


150 


0.73 


NfD 15 


1675 


0.10 


10.87 


150 


0.45 




1680 


-0.42 


-14.07 


130 


0.65 


iV§ D 13 


1700 


0.36 


2.81 


100 


0.10 


NfP 13 


1720 


-0.25 


-3.17 


150 


0.15 



TABLE I. Parameters for the resonance masses, coupling constants, total decay widths and 
branching ratios for iV* — > Ntt decays. The resonance masses and decay widths are in units of 
MeV. 
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FIGURES 




(a) (b) 

FIG. 1. Diagrammatic representation of the ir~p — * Vn reaction mechanisms with V = u>, <fi. 
(a) meson exchange diagram with vector meson emission from the Vpir vertex, (b) nucleon and 
nucleon-resonance vector-meson production in the VNN and VNN* vertices. 
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FIG. 2. Total cross sections for the reactions ttN — > Nuo (left panel) and ir~p — > n<p (right 
panel) as a function of the energy excess As 1 / 2 . The meaning of the curves is: meson exchange - 
dot-dashed, direct and crossed nucleon terms - long-dashed, N* resonances - dashed, full amplitude 
- solid. Data from p5LBqj. 
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FIG. 3. Individual contributions of nucleon resonances listed in Table 1 to the angular differ- 
ential cross section of uj production at As 1 / 2 = 20 MeV (left panel) and 100 MeV (right panel). 
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FIG. 4. Individual contributions of nucleon resonances listed in Table 1 to the total cross 
section of lo production function of As > . 
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FIG. 5. Angular differential cross sections for the reactions ir p — > nuj (left panel) and 
ir~p — > n</> (right panel) at As 1 / 2 = 20 MeV. Notation as in Fig. 2. 
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FIG. 6. As in Fig. 5 but at As 1 / 2 = 100 MeV. 
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FIG. 7. Ratio of the amplitudes of to and <p production. Left panel: the ratio as a function of 
cos6 at As 1 / 2 = 20 MeV, right panel: the ratio averaged over production angle as a function of 
As 1 / 2 . Notation as in Fig. 2. 
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FIG. 8. Spin-density matrix element poo for w an d (f> production as a function of cos 9 at 
As 1/2 = 20 MeV (left panel) and 100 MeV (right panel). 
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FIG. 9. Meson angular distributions in the reactions ir~p — > ncj) — > nK + K~ and 
7r _ p — > nu — > n7T + 7r _ 7r°, at As 1 / 2 = 20 MeV. Left panel: the distribution at forward vector 
meson production angles, right panel: the distribution averaged over all production angles. 




0.5 



-1.0 -0.5 0.0 
COS© 



0.5 1.0 



0.5 

-1.0 -0.5 



0.0 

COS©„ 



0.5 1.0 



FIG. 10. Electron angular distributions in the reaction it p — > nV ree+e" at As 1 / 2 = 20 
MeV. Left panel: the distribution at forward vector meson production angles, right panel: the 
distribution averaged over the all production angles. 
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FIG. 11. The same as in Fig. 10 but at As 1 / 2 = 100 MeV. 
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